Comment on "Enhanced transmission of light through a gold film due to excitation of 

standing surface-plasmon Bloch waves" 
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The purpose of this Comment is first to correct a misapprehension of the role played by composite 
wave diffraction on surface-wave generation at subwavelength structures and second to point out 
that periodic Bloch structures are unnecessary for the efficient production of the surface plasmon 
polariton (SPP) guided mode either as traveling or standing waves. Guided surface waves originate 
from simple slit or groove edges illuminated under normal incidence, and one-dimensional (1-D) 
surface cavities from these standing waves are easily realized. 
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The authors of Ref.[y, report enhanced transmission of 
light through a thin gold film in a T-shaped structure 
acting as a Fabry-Perot resonator. They interpret these 
results as showing that they "strongly contradict" the 
composite diffracted evanescent wave (CDEW) model 2 
and cite an experimental study on subwavelength single 
slit-groove structures^ as evidence supporting the CDEW 
model. This Comment points out that the situation is 
not quite that simple. The purpose of two experimental 
studies^, the first cited in Ref.[l], and a second, com- 
plementary set of measurements^, was to test two key 
predictions of the CDEW model: (1) surface wave ampli- 
tude behavior with distance from the originating struc- 
ture and (2) the phase of the surface wave relative to 
the phase of the light wave incident on this structure. 
These studies showed that the surface wave amplitude in- 
deed falls off rapidly within a "near-zone" of a few wave- 
lengths distance from the originating groove edge, but 
that after the initial fall-off the surface wave continues 
to propagate with near-constant amplitude. This "far- 
zone" behavior suggested population of the SPP guided 
wave mode, but the measured surface index of refraction 
"■surf = 1-04 ± 0.01 did not correspond to the expected 
SPP index nspp = 1.015. The phase behavior measured 
in Ref.0 did show a phase shift close to n/2 consistent 
with the CDEW model prediction. These tests, therefore, 
presented evidence consistent with diffraction in the near- 
zone but also confirmed the population of a long-lived 
surface wave, not predicted by CDEW. In a follow-up 
study^ the anomalous surface index of refraction mea- 
surement was found to be due to the transient behavior 
of the surface wave in the near zone. As the surface wave 
evolves from the near-zone to the far-zone it asymptot- 
ically approaches the expected SPP guided mode wave- 
length. This behavior implies that in the transient near- 



zone the surface wave is indeed a composite, consisting 
of many surface modes including the bound SPP. But 
surface modes other than the SPP rapidly damp within 
a few optical cycles into dissipative phonon or radiative 
channels, consistent with a Drude model permittivity for 
real metals. This picture has been confirmed in another 
study of surface waves in slit-groove structures on gold 
films£. 

The physics that emerges from these experiments is 
that composite diffraction and bound SPPs are not mutu- 
ally exclusive phenomena. The sharp edges of a subwave- 
length groove or slit diffract the normal-incident source 
waves into surface modes, all of which damp rapidly ex- 
cept for the bound SPP. This process demonstrates re- 
markable efficiency with about 30-40% of the initial sur- 
face wave amplitude evolving to the asymptotic SPP, al- 
though the details of how this evolution occurs are not 
yet well understood. The relevant point to emphasize 
here, however, is that the oft-stated belief that grat- 
ing or prism coupling is required to supply the missing 
momentum for efficient generation of the SPP mode is 
simply not true. The momentum spectrum associated 
with a grating structure of period a will be narrowly 
peaked at 2ir /a, while the momentum distribution of a 
subwavelength slit of width w will be broad, essentially 
its Fourier transform, ~ 2tt/w, and centered at 2tt/Xq 
with Ao the normal-incident wavelength. The use of a 
grating structure will produce "Bloch modes" on the sur- 
face and within the skin depth of the metal, but there 
appears to be no reason to invoke structural periodicity 
as a necessary feature for the generation of SPPs and 
no need to distinguish "Bloch" surface waves from "reg- 
ular" surface waves. The authors of Ref.[l| launch SPPs 
into a smooth 1-D surface cavity from an adjacent period- 
ically structured region, but the studies on single slits and 
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FIG. 1: (color online) FDTD calculation of E z amplitude as a function of z (perpendicular 
distance from the slit-groove reference plane) and y (transverse distance along the slit-groove 
reference plane. The center-to-center distance between the slit and groove is 3.6 fim. Slit and 
groove are both milled 100 nm wide; the groove depth is 100 nm, and the silver layer is 400 nm 
thick. The incident light has a free-space wavelength Ao = 852 nm. This plot is an unpublished 
result from Y. Xie and M. Mansuripur, shown here with permission. 




FIG. 2: (color online) FDTD calculations of H x amplitude as a function of z and y for same 
structures as in Fig.[T] The H x component of the magnetic field is aligned with the long axes 
of slit and groove. This plot is an unpublished result from Y. Xie and M. Mansuripur, shown 
here with permission. 



grooves previously cited suggest that they would have 
obtained similar results (with different cavity Q-factors) 
by just using a subwavelength groove launcher. In fact 
the far-field fringes measured in Refs. result from 

the interference between a directly transmitted reference 
wave and the partially transmitted standing wave of a 1- 
D cavity formed by the slit and groove. Figures [T] and [2] 
show finite-difference-time-domain (FDTD) simulations 
of the experiment in Ref.[H. A train of plane waves with 
Ao = 852 nm, incident from below, illuminates the slit- 
groove structure. The structure is a 400 nm layer of sil- 
ver metal with a 100 nm wide slit milled through and a 
100 nm wide groove milled to a depth of 100 nm. The slit 
and groove are separated by a center-to-center distance 
of 3.6 [im. Figure Q] plots the amplitude of the electric 
field component E z perpendicular to the surface plane as 
a function of z and y, the distance along the groove-slit 
reference plane. Figure [2] plots the magnetic field com- 
ponent H x (the component parallel to the long axis of 
the slit and groove) as function of the vertical and trans- 
verse dimensions of the structure. Concentration of E z 



amplitude corresponds to surface charge concentration, 
and the "cavity" standing wave pattern on the surface 
between the slit and groove is evident in Fig. [I] Another 
significant feature of Fig.[T] are the "hot spots" around 
the corners of the slit and groove on the lower surface 
as well as the appearance of hot-spot charge concentra- 
tions around the corners of the slit on the upper surface. 
These hot spots are not numerical artifacts of the FDTD 
simulation; they reveal the presence of localized oscillat- 
ing charge that are the source of evanescent and prop- 
agating modes on the lower and upper surfaces of the 
structurei^. It is also worth noting from inspection of 
Fig. [2] that the groove and slit themselves constitute opti- 
cal cavities. The quality factor of the 1-D surface cavity 
and the transmission from the incident (lower) side of 
the structure to the transmitted (upper) side can be op- 
timized by a judicious choice of groove depth and metal 
layer thickness. This surface-cavity /slit-cavity coupling 
controls the physics of optical transmission through sub- 
wavelength metallic slit arrays. 
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